ABSTRACT Spectrophotometric distances in the K band have been reported by different authors for a number of obscured Galactic H ii regions. Almost 50% of them show large discrepancies compared to the classical method using radial velocities measured in the radio spectral region. In order to provide a crucial test of both methods, we selected a target which does not present particular difficulty for any method and which has been measured by as many techniques as possible. The W3 star forming complex, located in the Perseus arm, offers a splendid opportunity for such a task. We used the NIFS spectrograph on the Frederick C. Gillett Gemini North telescope to classify candidate "naked photosphere" OB stars based on 2MASS photometry. Two of the targets are revealed to be mid O-type main sequence stars leading to a distance of d = 2.20 kpc. This is in excellent agreement with the spectrophotometric distance derived in the optical band (d = 2.18 kpc, Humphreys 1978) and with a measurement of the W3 trigonometric parallax (d = 1.95 kpc, Xu et al. 2006) . Such results confirm that the spectrophotometric distances in the K band are reliable. The radio derived kinematic distance, on the contrary, gives a distance twice as large (d = 4.2 kpc, Russeil 2003). This indicates that this region of Perseus arm does not follow the Galactic rotation curve, and this may be the case also for other H ii regions for which discrepancies have been found.
INTRODUCTION
Giant H ii regions (N LyC > 10 50 photons per second) are the best tracers of the spiral structure of the Milky Way, and the usual procedure to obtain their heliocentric distances is by using longer wavelengths to overcome the optical obscuration from interstellar extinction. Radial velocities from radio recombination lines connected with a rotation model for the Galaxy is the classical tool to derive kinematic distances. A large catalogue was published by Russeil (2003) , which is presently the main reference to draw the position of the spiral arms and to calculate the luminosity in the Lyman continuum, from which the star formation rates throughout the Galaxy are derived. Recent work has shown discrepancies with this method, showing that our picture of the Galaxy, based on the kinematic method, may not be accurate.
Other methodologies that do not use galactic rotation models (non-kinematic methodologies), such as trigonometric and spectrophotometric parallaxes, have given different results for the distances to these star forming regions when compared to the kinematic ones.
Trigonometric distances, such as those derived from radio VLBI, are very accurate for relatively close targets, since they are based on simple triangulation from the Earth's orbit. The Gaia survey will extended the usage of such methodology to farther targets, since it will achieve a spatial resolution better than Menten et al. (2007) and Choi et al. (2008) reported trigonometric distances for 19 sources, from which eight (42%) are substantially closer and one farther than published kinematic distances. Unfortunately, the size of the Earth's orbit is a limiting factor for this method, which cannot be applied to the whole Galaxy.
Spectrophotometric distances using near infrared (NIR) photometry and K band spectroscopy have been reported by Hanson et al. (1996) ; Blum et al. (1999 Blum et al. ( , 2000 Blum et al. ( , 2001 ; Figuerêdo et al. (2002) ; Bik et al. (2005) ; Figuerêdo et al. (2005) and Figuerêdo et al. (2008) . Moisés et al. (2011) reviewed and revised the spectrophotometric distances. All the distances were referred to a common Galactic center -sun distance (R 0 = 8.5 kpc) and extinction law. Since there are different reddening laws in the literature, Moisés et al. (2011) derived the extremes and adopted the mean value, resulting in a mean distance. The range between the extremes was adopted as the uncertainty. The adopted laws were taken from the work of Mathis (1990) and Stead and Hoare (2009) . The major source of uncertainty in distance by the spectrophotometric technique, however, is given by the scatter in the calibration of the absolute magnitude of Otype stars (∆K = 0.67 which translates to an error of 30% over the obtained distance). From 17 sources, eight ( 50%) display spectrophotometric distances smaller than kinematic and one a larger distance.
In this paper, we present a NIR study of the H ii region W3, which is located in the Perseus spiral arm (R.A. = 2 h 26 m 34 s , Decl. = 62
• 00'43"). W3 offers an excellent opportunity to discuss the distinct methods used to measure distances. Indeed, the W3 distances were derived by several authors, using methodologies other than the kinematic one. The near infrared study presented here, comprises J, H and K s −band photometry of this complex of H ii regions and the W3 K−band spectrophotometric distance.
The problem with kinematic distances can be underlined by considering the work of Russeil (2003) , who derived a kinematic distance to the W3 complex of 4.2 kpc. Non-kinematic determinations (that do not use Galactic rotation models) have obtained smaller distances as follows. By measuring the annual parallax of the H 2 O masers, Moellenbrock et al. (2009) derived a distance to the W3 infrared source IRAS 00420+5530 of 2.17 ± 0.05 kpc. Hachisuka et al. (2006) and Chen et al. (2006) found a distance of 2.04 ± 0.07 kpc, which is consistent with the W3(OH) distance derived by Xu et al. (2006) , who studied the trigonometric parallax of CH 3 OH maser and derived a distance of 1.95 ± 0.04 kpc. Using H 2 O masers and their radial velocities and proper motions associated with two different outflows sources, Imai et al. (2000) obtained a distance to the W3 infrared source IRS 5 d = 1.9 ± 0.3 kpc.
All these trigonometric distances disagree with the kinematic results, roughly, by the same amount, about half of the kinematic value. They are in agreement with the distance derived by Humphreys (1978) , d = 2.18 kpc, using spectrophotometric parallax in the optical domain for a large number of OB stars in the direction of the Perseus arm.
Using photometry extracted from the 2MASS catalogue, we have constructed color-color (C-C) and colormagnitude (C-M) diagrams and selected seven candidate "naked photosphere" OB stars to follow up with K band spectroscopy.
This work is organized as follows. In §2, the observations and data reduction are described. In §3 we present the main results from the investigation of the W3 complex through J-, H-and K s −band photometry and K band spectroscopy of the ionizing sources. §4 details the distance determination to the W3 complex. Finally, the overall discussion of the results and the usual procedure to obtain their heliocentric distances are given in §5.
OBSERVATIONS AND DATA REDUCTION
2.1. Observations J (λ ∼ 1.24 µm), H (λ ∼ 1.64 µm) and K s (λ ∼ 2.22 µm) images of the W3 complex were obtained from the 2MASS 6 survey (Skrutskie et al. 2006) . We have also used IRAC-Spitzer images in 8.0 µm (red), 5.8 µm (green) and 3.6 µm (blue) channels (Fazio et al. 2004 and a linear dispersion of 2.13Å pixel −1 resulting in a spectral resolving power of λ/∆λ = 5160 in the K-band (Blum and McGregor 2008) .
For each observation, three frames were taken on source and three sky frames were obtained by pointing the telescope on a nearby (≈ 30 ′′ ) blank field. After each exposure, the telescope was offset by a few arcsecs (between 5 ′′ and 45 ′′ ) in order to avoid cosmetic defects when combining the 2D spectra. Each frame had the same exposure time.
The star HD 15086 was used as telluric reference for all targets. This object was observed with a total exposure time of 60 seconds, split over four frames.
The air mass of the observations ranged between 1.35 and 1.46. The difference between science objects and the telluric star airmass was less than 0.2 in all cases and no correction was applied.
Data Reduction
Data reduction was performed using the Gemini NIFS IRAF 9 package. Calibration data were prepared with Gemini-IRAF NFPREPARE task which adds the Data Quality and Variance extensions to each file. Flatfield frames were created from quartz lamp spectra. The wavelength transformation was obtained using Kband telluric lines from the sky spectrum, obtained after each observation. The spatial correction was made using the Ronchi mask (for more information, see Blum and McGregor 2008) . After the baseline procedure, data from the telluric star were prepared with NF-PREPARE, were flat-fielded, wavelength corrected and sky subtracted. The sky frames were combined using a median image of four dithered frames. Wavelength transformation was accomplished by using the sky spectrum, obtained as described previously, and one-dimensional spectra were then extracted from a 0".5 radius circle centered over the telluric star in the FITS data cube. Finally, the Brγ feature was removed by fitting a Voigt profile between two continuum points on the HD 15086 spectrum.
Science data were reduced with the same procedure as for the telluric star. The resulting object spectrum was divided by the telluric star spectrum. One-dimensional spectra were then extracted from a 0.3" radius circle centered on each target in the FITS Data cube. The science spectra were subtracted by a nebular spectrum, extracted over an annular aperture of 0.6" external radius and 0.3" inner radius, to remove non-photospheric features (such as Br-γ contamination over the spectra of B-type stars). Before subtraction, we scaled the sky an-nulus and the circle around the star by their respective area on the image. The spatial resolution of our data ranged from 0.18" to 0.67" FWHM, measured at 2.107 µm on each spectrum.
The K-band classifications from the Hanson et al. (1996 Hanson et al. ( , 2005 catalogue were adopted to classify the spectral types. The spectral lines used were the C iv triplet at 2.069 µm, 2.078 µm and 2.083 µm, He i at 2.1126 µm and 2.1625 µm, N iii at 2.1155 µm and He ii at 2.1885 µm. Young stars in H ii regions usually have their spectra contaminated by the 2.058 µm He i and Brγ nebular emission. However, the classification of O-type stars does not require these lines (Hanson et al. 1996) . On the other hand, the classification of B stars is complicated by the absence of features sensitive to stellar temperature and spectral type (C iv, N iii, and He ii). The only signature of these stars are the Brγ and He i features. This classification scheme is useful for determining the stellar spectral type, but is not a precise tool for luminosityclass indicators. The presence of a H ii region, however, ensures that the stars are young, close to the main sequence. Figure 1a shows a false-color image, made by a composition of three near-infrared 2MASS images J (blue), H (green) and K s (red) of the W3 complex. As can be seen, the observed objects (labbeled) are distributed about the W3 complex, allowing a distance estimation of the entire structure. In this image, a cluster of stars in the center of the field can be seen and also two regions with strong nebular emission can be seen to the NW and to the SE, surrounding the central cluster. Stars discussed below and observed spectroscopically are indicated in the figure.
RESULTS

Photometry
The Spitzer image (Figure 1b) shows the nebulosity of this field in detail and reveals that these nebular regions are connected and form a larger and single structure, which cannot be concluded by just analysing the 2MASS image. Also, the Spitzer image reveals that the central cluster of the W3 complex shows weak nebular emission when compared to other structures on the same field. Stars discussed below and observed spectroscopically are indicated in the figure. Figure 2b . In that diagram, the solid lines, from top to bottom, indicate interstellar reddening for main sequence M-type (Frogel et al. 1978) and O-type (Koornneef 1983) stars while the dashed line shows the T-Tauri stars (Meyer et al. 1997) . Stars located next to the O-type stars reddening line are good naked photosphere OB star candidates. Several objects are seen on the classical T-Tauri region and just a few sources are located to the right, in the young stellar objects (YSOs) domain. The reddest sources on the plot are the #248 and #444 objects. These sources are located on the YSO region on the C-C diagram indicating strong excess emission. Both objects also present bright K s magnitudes, as indicated in the C-M diagram.
The Figure 2a . Squares indicate the position of the theoretical ZAMS, shifted to the kinematic distance of 4.2 kpc. The OB star candidates, identified previously on the C-C plot, are the brightest sources compared to the other stars in the W3 field-of-view. All selected targets are limited by the H − K s range from 0.16 to 0.77. The #159 source is the brightest source in the K s -band, and also has the bluest H − K s color of the selected targets. This source is located in the central cluster, as shown on 2MASS and Spitzer images. This cluster is less reddened compared to the other W3 sub-regions, indicating that almost all the gas has been dissipated by the luminous stars.
The selected targets (#3, #159, #252, #347, #386, #390 and #559) are labelled on both the C-M and C-C plot. Spectra of these stars were obtained with NIFS. Only data with photometric uncertainty less than 0.05 mag were included on the plots.
Reddening
An interstellar extinction law in the near infrared domain is well fit by A λ ∝ λ −α . That is, in the NIR, the extinction can be assumed as a power law. There are several interstellar extinction laws in the literature and two "extremes" laws were adopted: given by Mathis (1990, α = 1.70 ) and Stead and Hoare (2009, α = 1.99) . These laws are extreme situations and should cover the range of reddening expected in the Galaxy. The extinction by the ISM is less effective in the Mathis law than in the case of Stead & Hoare.
The Mathis reddening law is given by A K ≈ 1.79×(E H−Ks ) while Stead & Hoare law is A K ≈ 1.33×(E H−Ks ). An average intrinsic color (H − K s ) 0 = -0.05 for OB stars (Koornneef 1983 ) was used. The observed stars (except #159 -a member of the central cluster) have an average observed color of H − K s = 0.5, corresponding to A Ks = 0.94 mag, using Mathis (1990) , and A K = 0.70 mag using Stead and Hoare (2009). As we are dealing with extreme interstellar extinction laws, others laws as Nishiyama et al. (2008) and Indebetouw et al. (2005) , shall give results between the ones obtained using the selected laws (Mathis and Stead & Hoare).
There's no correlation between the total to selective extinction parameter R V in the NIR domain. Since the reddening A K is a function of the H − K s color -extracted from the literature -, we cannot obtain a reasonable value of R V , because NIR collapse all extinction laws, that is, there is no dependence to extinction of wavelengths longer than the size of interstellar grains with the grains themselves.
Analysis of Spectra
The observed spectra were compared to K−band spectroscopic standards presented by Hanson et al. (1996 Hanson et al. ( , 2005 , using the classification scheme for the OB stars as defined in section 2.2.
The spectra have been divided by a low-order fit to the continuum after correction for telluric absorption. A smoothing correction (boxcar averaging of 3 neighbor pixels) was applied to the spectra to enable the detection of weak features, increasing the signal-to-noise ratio. The achieved mean signal-to-noise ratio was S/N∼300. This correction allowed the identification of He i line at 2.058 µm for objects #159 and #559, and the C iv triplet for #559. (2009) reddening law. In the C-C diagram, the upper reddening line corresponds to M-type stars, the middle line for O-type and the dashed line delineates the zone for classical T-Tauri stars. Objects to the right (including #248 and #444) have a NIR excess and likely are embedded YSOs. The sequence of squares on the C-M plot indicates the position of Main Sequence stars, shifted to the kinematic distance of 4.2 kpc, which is apparently wrong by the considerable number of objects earlier than O3 stars.
Our data clearly show two main groups of stars: i) two stars are well classified as O-type stars by the presence of photospheric features in their spectrum; ii) four sources were identified as early B-type stars by the absence of any photospheric feature beyond the Br-γ and Helium at 2.1126 µm and they will be discussed later as supplementary data points for the distance estimation to the W3 complex. A single target displayed circumstellar emission in He i at 2.058 µm and Br-γ, indicating a B-type star evolved off the Main Sequence.
O-type Stars
The spectrum of #159 is presented in Figure 3 . The presence of N iii in emission at 2.116 µm indicates that this is an O-type star, with spectral type earlier than an O8 star. Weak emission lines were detected at 2.069, 2.078 and 2.083 µm, which are attributed to the C iv triplet lines, placing this star between O5-O7 type. The absorption of He ii at 2.189 µm indicates that the spectral type is earlier than O7. Absorption of He i at the blue wing of N iii was detected. Both the K-band spectrum of HD 93130 and HD 17505, presented by Hanson et al. (1997) , seem to fit the spectra of source #159. Patriarchi et al. (2001) have classified HD 93130 as O6 III(f) star, while HD 17505 was classified as O6 V by Thompson et al. (2004) and received the O6.5 V classification by Brown and Bomans (2005) . Based on the observed features of #159 and previous work for the classification spectra, we classify this #159 as an O6.5 V star.
Source #559 (Figure 3 ) exhibits both N iii, in emission; He i and He ii, in absorption, at 2.116 µm and 2.189 µm, respectively. These features are weaker than in #159, indicating that its spectral type is later than O6.5. The presence of narrow emission lines at 2.069 and 2.079 µm can be associated to the C iv triplet. These lines are relatively stronger than observed on the previous #159 target. The #559 spectrum is similar to HD 190864 and HD 93222 as presented by Hanson et al. (1997) . HD 190864 source was studied by Repolust et al. (2004) , who classified this object as an O6.5 III(f) star. Jensen and Snow (2007) have adopted the O7 III(f) classification for HD 93222. In addition, this source is located in a bright nebular region on the W3 complex, excluding a subgiant luminosity. Based on these features and classification spectra, we classify #559 as O7 V.
B-type Stars
The remaining targets exhibit only the Br-γ and He i features and their classification is limited when compared to an O-type classification scheme.
The #3 source (Figure 4 ) exhibits strong emission features. A double peaked He i in emission at 2.058 µm, He i triplet at 2.161 µm, 2.162 µm and 2.164 µm and, also, Brγ at 2.166 µm are in emission. These features are commonly seen in evolved early-B stars surrounded by circumstellar disk and the adopted classification for this source ranges between B0 IIIe and B1 IIIe by comparison to Hanson et al. (1996) catalogue.
The remaining spectra have poor telluric correction in the region of the He i 2.058 µm line. Objects #347 and #390 may have residual nebular or circumstellar He emission consistent with apparent Brγ emission seen superposed on the broad (stellar) Brγ absorption. The He i 2.112 µm absorption increases from #347 to #386, #252 and reaches its maximum in the #390 source. He i and Brγ relative absorption strengths for all four sources are compatible with B0 V -B2 V types. For stars earlier than B0 V, the He ii 2.189 µm absorption becomes more significant while types later than B2 V do not display the He i feature.
DISTANCE DETERMINATION
In the previous section we classified the spectra of seven stars in the W3 complex as belonging to OB-type stars. The distance to W3 was estimated using the spectroscopic and photometric results.
The M K of O-type stars were obtained using M V from Vacca et al. (1996) . For the B-type stars, we used M V from Wegner (2007) . For both spectral types, V − K values were obtained from Koornneef (1983) . These photometric data were converted to the 2MASS photometric system by transformations derived by Carpenter (2001) . The K s magnitude and intrinsic color (H − K s ) of each target were obtained from the 2MASS catalogue.
The estimated distances are shown in Table 3 .3.2. For the derived spectral types and considering only the well classified O-type stars (#159 and #559), we obtain a mean distance of 2.26 −0.78 kpc using extinction laws from Stead and Hoare (2009) and Mathis (1990) , respectively; and 2.29 +1.13 −0.83 kpc combining both results. The adopted uncertainty in each individual distance is given by the square root of the photometric error from 2MASS catalog (< 0.05 mag) added in quadrature to the uncertainty from the absolute magnitudes (±0.67 mag). These errors were used to derive non-symmetric errors of each distance. For the mean distance, the error was calculated by the square root of the quadratic sum of the individual errors divided by the number of stars considered.
Both O-and OB-type distances match the previous results from non-kinematic methods. Our result is half the value of 4.2 kpc derived by Russeil (2003) , which is based on the radio recombination lines and a kinematic model (Brand and Blitz 1993) . Smith et al. (1978) estimated the Lyman continuum luminosity of G133.7+1.2, which is associated with an an aperture 1.6 arcmin diameter near object #248, to be 0.88 × 10 50 s −1 assuming a kinematic distance of 3.1 kpc.
Adopting our mean value of 2.20 kpc, as indicated by the spectrophotometric result, considerably reduces the expected ionizing flux from the radio continuum measurements of Smith et al. (1978) to 0.44 × 10 50 s −1 , equivalent to the radiation of ≈ four O7 V stars. The stars classified in this work gives 0.43 × 10 −50 s −1 , which, by using Vacca et al. (1996) , translates into ≈ 3 O7 V stars. It suggests there is at least one additional midlate O-type star in the complex. This is probable, since we did not take spectra from all the bright objects in the area. The missing O-type star(s) may even be not so bright, if seated behind obscuring nebular patches.
DISCUSSION AND CONCLUSIONS
Spectra were classified based on the Hanson et al. (1996 Hanson et al. ( , 2005 catalogues, resulting in two O-type stars, which were used to derive a mean spectrophotometric distance of 2.20 +0.80 −0.64 kpc to these targets. The major source of uncertainty of the spectrophotometric method in the K band is due to the flux calibration of the absolute magnitudes (±0.67 mag for O-type stars, Vacca et al. 1996) , which dominates uncertainties.
We considered the B-type stars separately from the Otype stars, because of their less accurate classification; however, their distances are in good agreement (D = 2.29 sification of B-type stars is more uncertain due to the lack of higher ionization photospheric features; the classification is based only on He i and Brγ line strengths. Thus, in addition to the photometric error, a classification uncertainty is also included for these objects. On the other hand, since the B-type stars have longer lifetimes in the main sequence stage than O-type ones, the adopted luminosity classification range puts them on or near the main sequence in young star forming regions with more confidence.
Our result is in agreement with previous trigonometric parallax distances (e.g. Xu et al. 2006; Imai et al. 2000; Chen et al. 2006; Hachisuka et al. 2006) . Xu et al. (2006) derived the distance of 1.95 kpc for the starforming W3(OH) region which is close in projection to the stars #3 and #252 studied here. The K−band distance to the W3 complex is also consistent with the spectrophotometric result in the optical domain (Humphreys 1978) . The agreement between both results shows that the near infrared method is equivalent to the optical one.
Considering the recombination line velocity of -44.6 ± 5 km s −1 , Russeil (2003) found the kinematic distance of W3 as 4.2 kpc. The velocity error translates into a distance uncertainty of ± 0.6 kpc to its value. The upper limit for the spectrophotmetric distance is 3.0 kpc (using only the well classified O-type stars and the average between the extreme reddening laws). The lower limit for the kinematic distance is 3.6 kpc, in order that there is no overlap between the measurements obtained by these two techniques.
The discrepancy between the kinematic distance to W3, which is roughly twice as large as the distance for the other methods, may be attributed to local motions of the gas deviating from the Galactic rotation. Velocity anomalies and peculiar motion of the Perseus arm have been detected by Brand and Blitz (1993) . Furthermore, outward expansion of this region was shown by Heyer and Terebey (1998) . Also, Russeil (2003) a The reddening for each star were determined from H − Ks, using (H − Ks) 0 = −0.05. The A Ks values were derived using the extinction laws of Mathis (1990) and Stead and Hoare (2009) that the kinematic distance to W3 is too large. The brightest stars of the W3 complex are beyond the top of the main sequence line (represented as squares on the left side of the diagram) shifted to the kinematic distance of 4.2 kpc. Our results and those obtained by radio parallax suggest that the kinematic measurements require confirmation of distances by alternative methods. Furthermore, there is a mixing of different evolutionary stages along the W3 complex, as pointed by the adopted classification of the OB stars. Recent star forming activity appears to the NE region, as indicated by nebular emission (Figure 1b) and also at the SW bottom, where is a maser source (W3OH). The 2 O-type and the 4 Btype stars are close to the main sequence, indicating a subsequent star formation episode. The Be star (object #3) looks to be evolved away from the main sequence, indicating an even older star formation activity. The separation of the double peaked line profile of He i 2.058 µm in emission in this spectrum is 346 km s −1 , which is compatible with an excretion gaseous disk in a high rotation Be star (Steele et al. 1999) , since there is no CO emission at 2.3 µm, what is common in YSOs. The weak excess emission toward longer wavelengths, as shown by the C-C plot (Figure 2) indicates absence of dusty environment like expected by leftovers of the accretion process. The scenario is that observed for an evolved object with an excretion disc, which produces little color changes to the photospheric light. In this way, it seems that the star formation activity progressed from the forefront of the ISM to farther distances.
